This classroom study examined the role of low-achieving students' selfregulated learning (SRL) behaviors and their teacher's scaffolding of SRL while using a Web-based water quality simulation environment to learn about ecological systems. Forty-nine 11th and 12th grade students learned about ecology and the effects of land use on water quality by collaboratively using the RiverWeb SM water quality simulation (WQS) during a two-week curriculum on environmental science. The students' emerging understanding was assessed using pretest and posttest scores. Students' self-regulatory behaviors and teacher's scaffolding of SRL were assessed through an analysis of their discourse during several collaborative problem-solving episodes. Findings indicate that students learned significantly more about ecology after working collaboratively with the WQS. However, these learning gains were quite small and were related to the self-regulatory behaviors observed in the dyads and their teacher's scaffolding and instruction. Analyses of video data indicate that a large amount of time was spent by the dyads and teacher in using only a few strategies, while very little time was spent on planning, monitoring, and handling task difficulties and demands. Further analysis revealed that both the dyads and teacher were using low-level *This research was supported by funding from the National Science Foundation (REC#0133346) awarded to the first author. strategies (e.g., following procedural tasks, evaluating the content, searching, and selecting informational sources in the WQS) to learn about the topic. Our results provide a valuable initial characterization of the complexity of selfand other-regulated learning in a complex, dynamic, technology-enhanced, student-centered science classroom. We discuss how the results will be used to inform the design of computers as MetaCognitive tools designed to foster students' learning of conceptually challenging science topics.
INTRODUCTION
Educational researchers have successfully used student-centered methods to enhance students' understanding of science with computer-based learning environments (CBLEs) (e.g., Azevedo, Verona, & Cromley, 2001; Biswas, Schwartz, Bransford, & CTGV, 2001; Clark & Linn, 2003; Hickey, Kindfield, Horowitz, & Christie, 2003; Kozma, Chin, Russell, & Marx, 2000; Lajoie & Azevedo, 2000; Lajoie, Guerrera, Munsie, & Lavigne, 2001; Reiser et al., 2001; Slotta & Linn, 2000; Suthers & Hundhausen, 2003; Vye et al., 1998; White, Shimoda, & Frederiksen, 2000) . These studies, however, also provide evidence that students have difficulties regulating certain aspects of their learning when they use CBLEs to learn about complex and challenging science topics such as the circulatory system, Newtonian physics, and genetics (e.g., Hickey et al., 2003; Jacobson & Archodidou, 2000) . More specifically, research shows that students have difficulties regulating several aspects of their learning, including their cognitive resources (e.g., activating prior knowledge), motivation and affect (e.g., task value, self-efficacy, interest in the topic), behavior (e.g., engaging in help-seeking behavior), and the instructional context (e.g., negotiating task structure and dealing with dynamically changing structure of the instructional context).
While the majority of these studies have examined specific aspects of students' self-regulated learning (SRL) such as planning, metacognitive monitoring, and reflection in isolation (e.g., Lajoie et al., 2001 ), most have not examined the complex nature of the dynamics between the phases of SRL and how this complexity may affect how students regulate their learning of science topics in student-centered classrooms using CBLEs.
It is therefore critical that we understand how students working collaboratively regulate their own learning as well as how teachers facilitate students' SRL by using different scaffolding and instructional approaches in student-centered, technology-rich science classrooms. To that end, we have adopted and extended existing models of SRL (see Boekaerts, Pintrich, & Zeidner, 2000; Zimmerman & Schunk, 2001 for extensive reviews) and have used them as a lens to examine the complex interactions between students' self-regulatory behavior and teachers' scaffolding of their students' SRL when using CBLEs collaboratively in the science classroom for extended periods of time.
Theoretical Framework: Self-Regulated Learning
By adopting SRL as framework, we make certain theoretical and empiricallybased assumptions about learning. Self-regulated learners are active learners who efficiently manage their own learning in many different ways (Boekaerts et al., 2000; Butler, 1998; Paris & Paris, 2001; Perry, 2002; Winne, 2001; Winne & Hadwin, 1998; Winne & Perry, 2000; Zimmerman & Schunk, 2001 ). Students are self-regulating to the degree that they are cognitively, motivationally, and behaviorally active participants in their learning process (Zimmerman, 2001) . These students generate the thoughts, feelings, and actions necessary to attain their learning goals. Models of SRL describe a recursive cycle of cognitive activities central to learning and knowledge construction activities (e.g., Pintrich, 2000; Schunk, 2001; Winne, 2001; Winne & Hadwin, 1998; Zimmerman, 2001) .
Several models of SRL posit that SRL is an active, constructive process whereby learners set goals for their learning and then attempt to monitor, regulate, and control their cognition, motivation, and behavior in the service of those goals (see Pintrich, 2000; Zimmerman, 2001) . SRL is guided and constrained by both personal characteristics and the contextual features of the environment (Pintrich, 2000) . Thus, these models offer a comprehensive framework with which to examine how students learn and how they adapt during learning with hypermedia. Recent research has begun to examine the role of students' ability to regulate several aspects of their cognition, motivation, and behavior during learning of complex science topics with hypermedia in laboratory experiments and in tutoring situations (e.g., Azevedo, Cromley, & Seibert, 2004; Azevedo, Guthrie, & Seibert, 2004) . Thus far, this research has demonstrated that students have difficulties benefiting from hypermedia environments because they fail to engage in key mechanisms related to regulating their learning with hypermedia.
Self-Regulated Learning with CBLEs
In CBLEs such as Web-based hypermedia learning environments, students are given access to a wide range of information represented as text, graphics, animation, audio, and video, which is structured in a non-linear fashion (Jonassen, 1996) . Learning in such an environment requires a learner to regulate his or her learning; that is, to make decisions about what to learn, how to learn it, how much to learn, how much time to spend on it, how to access other instructional materials, determine whether he or she understands the material, when to abandon and modify plans and strategies, and to increase effort (Shapiro & Niederhauser, 2004; Williams, 1996; Winne & Hadwin, 1998) . Specifically, students need to analyze the learning situation, set meaningful learning goals, determine which strategies to use, assess whether the strategies are effective in meeting the learning goal, evaluate their emerging understanding of the topic, and determine whether the learning strategy is effective for a given learning goal. They need to monitor their understanding and modify their plans, goals, strategies, and effort in relation to contextual conditions (e.g., cognitive, motivational, and task conditions) (Azevedo, Cromley, & Seibert, 2004) . Further, depending on the learning task, they may need to reflect on the learning episode and modify their existing understanding of the topic (Winne, 2001; Winne & Hadwin, 1998) . Therefore, despite the potential for fostering learning, hypermedia environments are proving to be ineffective unless learners can regulate their learning. Being able to regulate one's own learning is therefore extremely important in enhancing one's ability to learn about complex topics with hypermedia. Researchers have recently begun to identify several problems associated with learners' inability to regulate their learning with hypermedia (Azevedo, Cromley, Winters, Xu, & Iny, 2003) . The next step in this line of research is to extend these results by focusing on whether students can collaboratively use Web-based hypermedia learning environment to learn about the effects of land use on water quality indicators in a student-centered classroom by focusing on the complex interactions between students' SRL.
Self-Regulated Learning with CBLEs in the Classroom: Complex Contextual Interactions
The importance of the classroom context for students' self-regulated has been well-established (e.g., Butler, 1998; Meyer & Turner, 2002; Paris & Paris, 2001; Perry, 2002; Perry & VandeKamp, Mercer, & Nordby, 2002) . Current research has focused on the importance of the classroom as a complex context within which to study students' SRL and the role of teachers (as external self-regulating agents) who foster students' understanding by using scaffolding or any other instructional methods to support their learning (e.g., Rasku-Puttonen, Etelapelto, Arvaja, & Hakkinen, 2003) . However, what has not been investigated is the complex dynamics between students' SRL while working collaboratively and using a CBLE to learn about a challenging science topic, and their teacher's scaffolding of their SRL in the classroom. Meyer and Turner (2002) emphasized that in a classroom context there is a shared responsibility among teachers and students for establishing and maintaining relationships as they coordinate multiple goals through available opportunities and scaffolding (McCaslin & Hickey, 2001) . Scaffolding is an instructional process in which the teacher supports students cognitively, motivationally, and emotionally in learning while helping further develop their autonomy (Meyer & Turner, 2002) . During instructional scaffolding, the teacher supports the students' self-regulation, as needed, in three ways: a) helping students build competence through increased understanding; b) engaging students in learning while supporting their socioemotional needs; and c) helping students build and exercise autonomy as learners. The interactions between a teacher and a class full of students with varying needs and abilities to regulate their learning while working collaboratively with a CBLE to learn about a challenging science topic pose theoretical and methodological challenges which need to be addressed in order to study whether students working collaboratively can use CBLE to learn about challenging topics.
In this study, we address the question of whether academically low-achieving students, who have failed several science classes in high school, can regulate their learning of conceptually challenging science topics such as the effects of land use on water quality in a student-centered technology-enhanced science classroom. Our study contributes to a large body of literature on fostering students' learning of conceptually challenging science topics with CBLEs in student-centered classrooms. It examines low-achieving students' SRL and the teacher's scaffolding of students' SRL in a classroom setting. It converges product data (i.e., learning gains) and process data (i.e., time and frequency of use of several SRL variables used by students working collaboratively, as well as teacher scaffolding and instructional moves). This classroom study was conducted to investigate the following research questions: 1) Can low-achieving high school students effectively use a water-quality simulation 1 (WQS) collaboratively to learn about water quality indicators and land use? 2) Do the students and teacher spend the same amount of time using various regulatory behaviors to facilitate students' conceptual understanding? and 3) Do the students and teacher differ in the frequency of use of these self-regulatory behaviors to facilitate students' conceptual understanding?
METHOD Participants
Forty-nine 11th and 12th grade high school students (22 girls and 27 boys) from four ecology science classes volunteered to participate in this study. Ages ranged from 16 to 18 years. The students came from diverse socioeconomic and racial backgrounds. Forty-nine percent (n = 24) were African American, 41% (n = 20) were Hispanic, 6% (n = 3) were Caucasian, and 4% (n = 2) were Asian. All of these students were placed in an environmental science class after failing several required science classes in high school. The students had limited exposure to environmental science, and therefore low prior knowledge about it. In addition, we observed that students lacked both general learning skills (e.g., comprehension monitoring) and specific science-related skills (e.g., how to round numbers). Data were collected in April and May 2003, one month prior to the end of the school year.
Research Design
We used a one-group pretest-posttest design (49 students). Video and audio data were collected while the students worked in groups of two using the RiverWeb Water Quality Simulator (WQS) to learn about ecological systems. We collected process data on dyads of students from two of four classes taught by two environmental science teachers.
Instructional Context
In a typical high school environmental science course, a unit is devoted to water quality and the impact of land use on the pollutants that find their way into streams, rivers, and eventually, the ocean. In order for students to understand the differential impact of agricultural, commercial, urban, suburban, manufacturing, and foresting/lumbering land uses on water quality, students need to have some kind of experience with each. An ideal project for students in such an environmental science course would be to investigate how water quality changes across different locales; however, that would require field trips that are both expensive and time intensive and therefore often infeasible. The WQS is designed to provide students with a simulated field trip through a prototypical watershed.
The RiverWeb SM Water Quality Simulation (WQS) Environment
The WQS is a Web-based environment (http://mvhs1.mbhs.edu/riverweb/ index.html) developed at Maryland Virtual High School and linked to the RiverWeb SM Program originating from the National Center for Supercomputing Applications (NCSA). Targeted at the grades 8 through 12 science and math curriculum, the WQS depicts the effects of various land uses on water quality in an archetypal watershed. Students access WQS monitoring stations to explore how different land uses (i.e., a pristine forest, agricultural, lumbering forest, residential area, commercial/industrial area, wetlands, and urban area) affect water quality. Each water monitoring station allows students to test for physical and chemical characteristics of the tributary (termed indicators), such as total flow and nitrogen concentration. By limiting each sub-watershed to one land use, the effect of that land use can be seen on the quality of the water that students "test" within its boundaries. The cumulative effect of the combined land use determines the water quality shown by the indicator values found at a common river outflow.
After the user logs in, a map of the archetypal watershed appears. Water quality monitoring stations located throughout the watershed are depicted on the map. The user may click on the map to investigate any sub-watershed using the WQS graph window. After clicking on a station, the student is presented with a default graph that displays the variation of nitrogen over time in the top window and precipitation over time in the bottom window. However, other indicators may be selected; for example, the student could compare different indicators at the same station such as water temperature and toxins (as shown in Figure 1 ), or could compare nitrogen concentration between two stations (e.g., residential area vs. wetlands). In addition, by reducing the range of days for each graph, the student can zoom in on a particular time period and investigate daily or seasonal variations.
A tour, which may be selected at login, uses frames to combine the WQS with instructions leading the user through most of the simulator's capabilities. Students can examine time series reports and scatterplots: using the time series graphs, students are able to see the impact of seasonal changes on certain indicators; using the scatterplots, students are able to discover correlations between variables, such as the relationship between water temperature and dissolved oxygen. The goal is to foster student understanding of the complex relationships among the many land uses, indicators, and water quality in the watershed. To gain this understanding, students are first given instruction in graph interpretation.
They then answer open-ended questions, using the WQS, which demand explanations of concepts and relationships, and finally they construct concept maps.
Data Sources and Measures
Several data sources were used to obtain an in-depth understanding of students' emerging understanding of science phenomena while using the WQS. A total of 6.12 hours of video and audio data were collected on four dyads in each of the two science classes during all online science inquiry sessions with WQS. This allowed for an in-depth analysis of students' behavior as well as teacher instruction and scaffolding while students engaged in collaborative science inquiry activities with the WQS. The students' emerging understanding and ability to regulate their learning was assessed through an analysis of student and student-teacher interactions during these activities. In addition to the video and audio data from student pairs, we also collected students' pretests and posttests.
The paper-and-pencil materials consisted of a pretest and a posttest, which were constructed by a consulting science teacher based on information presented in the WQS. The pretest and posttest, which were identical, included seven complex questions which required students to: 1) demonstrate understanding of runoff in relation to different water quality indicators and sources and effects of different indicators; 2) describe and hypothesize daily and seasonal variations depicted on several line diagrams; 3) determine relationships between different indicators at different land use areas using scatter plots; and 4) construct a concept map illustrating the relationships between water quality indicators and land use. The range of total possible points for each test was 0-62.
The questions were designed to give each student an opportunity to demonstrate his or her understanding of various issues related to water quality. Question 1 was designed to determine if students understood whether pollutants found at the mouth of a river come from runoff from land uses areas upstream (range 0-5). Question 2 was designed to assess whether students understood the importance of trees as a stream buffer, particularly in developed areas (range 0-6). Question 3 was designed to assess whether students understood how land use can cause an increase in runoff and, subsequently, more sediments and toxins in the water (range 0-6). Question 4 was designed to assess whether students understood that there is seasonal variation in these variables and why that might be (range 0-6). Question 5 was designed to assess two concepts; each scored separately, whether students understood that the scale on the y-axis of any graph must be included in the interpretation of the graph, and that land usage affects nitrogen concentration (range 0-9). Question 6 also had two parts, scored separately, and was designed to assess whether students understood that the scale on the x-axis of any graph must also be included in the interpretation of the graph and that both precipitation and land use affect runoff (range 0-8). In question 7, students had to draw a concept map to show that they understood how various factors affect water quality (range 0-22). With regard to format, questions 1, 2, and 3 were constructed-response questions. Questions 4 and 5 combined time series graph interpretation and constructed response. Question 6 was a scatter plot graph interpretation question, and question 7 asked the students to draw and label a concept map.
Procedure
For this study, students in the environmental science course spent two weeks using the WQS. For most of the students, this was their first experience learning about water quality. On the first day of week one, the students took a pretest to assess their understanding of water-quality indicators and land use. They were then introduced to the concept of water quality and engaged in mini-labs such as testing water for nitrogen or identifying the directionality and strength of relationships between graphed water-quality indicators. During the end of week one, the students were given a tour of the WQS and taught how to use the various tools to analyze data. During week two, the students participated in three "jigsaw" activities using the WQS. In Jigsaw 1, students used a time-series graph to compare and contrast two variables, and then compared the indicators in their land use area to those in the pristine forest. In Jigsaw 2, students used the WQS to learn about two assigned indicators in each land use area. In Jigsaw 3, students used scatter plots in the WQS to analyze the relationships of all the different indicators for their specific land use area. The groups then reunited and composed concept maps showing the links between the different indicators for each area and presented their maps to the whole class. During the final class period of week two, the teachers administered the posttest to all students.
Performance data, in the form of pretests and posttests, were collected for all 49 students. Process data, in the form of videotapes and audiotapes, were collected on two separate occasions over the two-week period from a sample of eight dyads from two classes. One consulting teacher acted as a complete participant during the data collection period. She is an experienced environmental science teacher who introduced the science activities to all of the students and provided scaffolding to individual student pairs during activities. The regular classroom teacher and the second author, a former science teacher, also provided scaffolding to students during their activities. The consulting teacher and the two classroom teachers were not instructed to foster students' SRL nor were they asked to use specific SRL process (e.g., planning, creating sub-goals, metacognitive monitoring) during this naturalistic classroom study. The first author and several other graduate assistants acted as complete observers rather than participants in the classrooms, remaining on the sidelines to take notes and manage taping equipment, interacting minimally with the students and teachers during class periods. Taping was done for whole class periods during which the teachers moved in and out of interaction with individual groups as they tackled the tasks in the jigsaw assignments. Data were therefore gathered on groups of students while they worked both with and without teacher assistance.
Coding and Scoring
In this section, we describe the scoring of the students' answers to the pretests and posttests, the coding scheme for student and teacher SRL behaviors, and inter-rater agreement measures.
Students' Answers to Pretest and Posttest Questions
The second author and the consulting teacher constructed a rubric for scoring the students' responses to the pretest and posttest questions by initially scoring a subset (30%) of all the pretests and posttests. The rubric was refined and the two teachers scored all 98 tests individually using the revised rubric. Questions 1, 2, 3, and 7 were each given a single score; question 5 had two parts so it was given two scores; and questions 4 and 6 each had two parts so the two questions were given four scores each. This yielded 14 separate scores for each student's pretest and posttest, which were combined to calculate each student's overall (questions 1-7 on the pretest and posttest) score out of 62 for each test.
Students' and Teacher's Regulatory Verbalizations and Behavior
The 6.12 hours (367 minutes) of audio and video tape recordings from 14 episodes provided the raw data for the analysis of students' self-regulatory behavior and teacher's scaffolding of SRL. Azevedo, Cromley, and Seibert's (2004) original model of SRL was modified and used for analyzing the students' and teacher's regulatory behaviors and adapted to fit the use of the WQS in the classroom. Their model is based on several recent models of SRL (Pintrich, 2000; Winne, 2001; Winne & Hadwin, 1998; Zimmerman, 2001) . It includes key elements of these models (i.e., Winne's (2001) and Pintrich's (2000) formulation of self-regulation as a four-phase process) and extends these key elements to capture the major phases of self-regulation in a complex technology-rich studentcentered science classroom.
The classes, descriptions and examples of the planning, monitoring, strategy use, and task difficulty and demand variables used for coding the learners' and teacher's regulatory behavior are described in the Appendix. The classes are: a) planning and goal setting, activation of perceptions and knowledge of the task and context, and the self in relationship to the task; b) monitoring processes that represent metacognitive awareness of different aspects of the self, task, and context; and c) efforts to control and regulate different aspects of the self, task, and context; and d) various kinds of reactions and reflections on the self and the task and/or context. The model also includes behavior of the teacher when she provided scaffolding of and instruction in SRL-related behaviors in order to enhance students' understanding. Teacher scaffolding refers to any teacherinitiated move that has the intention of facilitating students' understanding through various self-regulatory behaviors. Teacher instruction refers to any teacher-initiated move that has the intention of specifically directing students' SRL. For this study and in this context, the model was adapted to include verbal as well as non-verbal behaviors specific to the tasks students engaged in while learning with the WQS. As such, video data as well as audio data were used to provide evidence of teacher and student SRL behaviors.
Inter-Rater Agreement
Each teacher scored each student's questions on the pretest and posttest (i.e., 7 questions with a total of 14 scores × 49 students × 2 tests = 1,372 individual scores). Each teacher was instructed to independently code all 1,372 scores on the pretests and posttests using a scoring rubric developed by both science teachers. Then inter-rater agreement was established for the scoring of the learners' pretest and posttest answers by comparing the individual coding of the high school teacher and the second author. There was agreement on 66 out of 66 randomly selected pretests and posttests, yielding an inter-rater agreement of 100%. For SRL behavior variables and time, inter-rater agreement was established on 289 out of 305 coded segments (27% of codes), yielding inter-rater agreement of 95%. Inconsistencies were resolved through discussion between the experimenters.
RESULTS
Question 1: Can low-achieving high school students effectively use a water-quality simulation (WQS) collaboratively to learn about water quality indicators and land use?
We examined the shift in students' learning (from pretest to posttest) by using a paired samples t-test. There was a significant difference between the students' mean pretest score and their mean posttest score (t[48] = -7.03, p < .001). However, while there was a significant shift in the test scores, the students' mean score was low on both the pretest (M = 12.1%, SD = 4.5) and the posttest (M = 19.1%, SD = 6.0).
Question 2: Do the students and teacher spend the same amount of time using various regulatory behaviors to facilitate students' conceptual understanding?
We examined whether the relatively small (yet significant) learning gains from pretest to posttest were due to differences in the amount of time that both students and teachers spent regulating students' learning with the WQS across each of the four SRL variables (planning, monitoring, strategy use, and handling task difficulties and demands). A MANOVA was conducted to determine whether students, teacher scaffolding, and teacher instruction differed in the amount of time spent on each of these SRL variables (see Figure 2) . The data met the statistical assumptions for a MANOVA. There was a significant difference in the mean time that learners spent regulating their own learning and the amount of time the teacher spent on externally regulating the students by using scaffolding and direct instruction (F[3, 117] = 19.32, p < .05). Overall, students spent significantly more time regulating their own learning than the teacher spent on regulating students' learning either by instructing or scaffolding. There were also significant differences in the amount of time students and teacher spent using different strategies to regulate students' learning. There were no differences in the amount of time spent between planning, monitoring, and handling task difficulties and demands. Multiple pairwise comparison tests found significant differences between the time spent by students and the teacher on scaffolding and instruction for four SRL variables. Learners spent significantly more time using strategies to regulate their learning (F[2, 39] = 10.96, p < .05) than the teacher did in providing either direct instruction or scaffolding students' use of strategies (Mean = 294.4 sec, SD = 236.3; Mean = 143.0 sec, SD = 78.0; Mean = 39.0 sec, SD = 35.9, respectively). The teacher spent significantly more time instructing students how to plan their learning (F[2, 39] = 10.26, p < .05) than she did scaffolding their planning or that students spent planning their own learning (Mean = 36.0 sec, SD = 5.5; Mean = 12.7 sec, SD = 5.5; Mean = 1.8 sec, SD = 5.5, respectively). However, learners and teacher tended to spend the same amount of time regulating their own and her students' monitoring activities (F[2, 39] = 0.20, p > .05), and handling task difficulties and demands (F[2, 39] = 3.14, p > .05).
Question 3: Do the students and teacher differ in the frequency of use of self-regulatory behaviors to facilitate students' conceptual understanding?
Third, we examined how learners and teachers regulated the students' learning of the ecology system using the WQS by calculating how often teacher instruction, teacher scaffolding, and/or student behavior reflected a variable relating to one of the four main SRL categories. We examined whether the frequency of use of each of the variables relating to the four main SRL categories of planning, monitoring, strategy use, and task difficulty were used significantly differently in teacher instruction, teacher scaffolding, and student behavior. A total of 1,143 segments were coded based on 6.12 hours (367 minutes) of video from the four dyads in each of the two classes. Chi-square analyses revealed a significant difference between the frequency of these variables used between students, teacher scaffolding, and teacher instruction (P 2 [6, 1143] = 145.16, p < .001) (see Table 1 ).
Due to the overall significance, we probed further to examine what specific SRL behaviors the students engaged in and teachers instructed or scaffolded while learning with the WQS. In this section, we present a detailed account of each of the specific SRL variables used by students and teachers to regulate the students' learning of ecology with the WQS.
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Figure 2. Mean time spent by students and teacher on SRL behaviors.
Planning
Chi-square analyses demonstrated that students and teachers engaged in very few behaviors associated with category of planning, accounting for only 4% of all the codes. Under planning, students and teachers were coded for behaviors related to planning (P), activating prior knowledge (PKA), stating goals (G), or recycling a goal in working memory (RG). Students displayed no behavior associated with prior knowledge activation or stating goals. Indeed, student moves were only associated with 1% 2 of codes in this category, due to a few instances of planning 228 / AZEVEDO, WINTERS AND MOOS (less than 1%) and a few instances of recycling goals in working memory (less than 1%). Teachers provided little in the way of instruction to students for planning (only 3% of total codes) and virtually no scaffolding of these SRL behaviors (less than 1% of total codes). The majority of teacher moves in this category were to instruct students on their goals (2%). Teachers did not often activate students' prior knowledge (less than 1%) and there were only a few instances of teacher instruction of student planning (1%).
Monitoring
Chi-square analyses demonstrated that students and teachers also engaged in very few behaviors associated with category of monitoring, accounting for 11% of all the codes. Under monitoring, students and teachers were coded for behaviors related to expressing a Judgment of Learning (JOL), partner questioning (PQ), monitoring their progress toward goals (MPTG), teacher questioning (TQ), and expressing a feeling of knowing (FOK). Student moves associated with monitoring were responsible for 7%; but the majority of student moves in this category were partner questioning (2%) and teacher questioning (4%). There were few instances of judgment of learning (1%), feeling of knowing (less than 1%), and monitoring progress toward goals (less than 1%). Teacher instruction and scaffolding of monitoring accounted for 4%, with teachers helping students monitor their progress toward goals (2% each for TI and TS). Teachers did not scaffold or instruct students with respect to questioning, judgments of learning, or feelings of knowing.
Strategies
Chi -square analyses demonstrated that students and teachers engaged in many behaviors associated with category of strategies, accounting for 78% of all the codes. Under strategies, students and teachers were coded for behaviors related to following directions (FD -students only), giving procedural directions (Proteachers only), content evaluation (CE), searching the environment (S), and selecting a new informational source (SNIS). Student moves associated with strategies were responsible for 63% of total codes. The majority of student moves in this category were following directions (32%). Students also engaged in selecting new information sources (18%), searching (8%), and evaluating content (6%). These observations were expected, as the jigsaw tasks required these behaviors for completion. Teacher scaffolding of strategies accounted for 4% of moves, including helping students evaluate content (2%) and understand procedures (1%). Teacher instruction of strategies accounted for 11% of moves, including using procedures (which accounted for 10% of all moves) and instruction on content evaluation (which accounted for 1% of all moves). Teachers provided no other strategy help or instruction.
Task Difficulty and Demands
Chi-square analyses demonstrated that students and teachers engaged in very few behaviors associated with category of task difficulty and demands, accounting for only 7% of all the codes. Under task difficulty and demands, students and teachers were coded for behaviors related to time and effort planning (TEP) and help-seeking behavior (HSB). Student moves associated with monitoring were responsible for 5% of total codes. The majority of student moves in this category were help-seeking behavior (5%), usually concerning procedural questions. Students engaged in virtually no time and effort planning (less than 1%).
In summary, although the analyses found significant differences between the students' mean pretest and posttest scores and in the frequency of the students' and teachers' use of SRL variables, the learning gains were quite small. The following four qualitative descriptions provide valuable insight into how these students collaborated and self-regulated their learning of ecological systems with the WQS.
The typical pattern for students who were on-task working together is demonstrated in example #1 (see Table 2 ). These students were involved in selecting variables, looking at the graphs, and determining an appropriate value by evaluating the graphs. Students seemed to be merely following directions (e.g., in turn 4, "What do we put that under-nitrogen, right?"). There is no indication that they were thinking critically about the information they were writing down.
When teachers were present and students demonstrated that they were lacking the necessary knowledge to effectively evaluate the content in the hypermedia environment, the teacher typically provided only procedural instruction. In example #2, the teacher initiated an interaction with two students by providing procedural instruction (see Table 2 ). However, when the teacher presented cognitive scaffolding in the form of evaluating the content (e.g., in turn 5, "So, what is this again?"), it becomes evident that the students lacked the necessary knowledge and/or skills to effectively use this scaffolding. Recognizing this inadequacy, the teacher returned to providing procedural instruction.
Students often sought help from the teacher while completing the RiverWeb task. Example #3 demonstrates a typical teacher-student interaction in which the students sought help with carrying out a basic procedure for the task, even though the steps for the task had been explained to the whole class at the beginning of the session (see Table 2 ). The student response to such procedural instruction was merely to follow directions (e.g., in turns 10, 12, and 17, the student either chose variables or wrote as directed); there is no evidence that the students were attempting to understand the concepts.
Example #4 illustrates various scaffolding and instructional techniques that teachers provided in order to facilitate students' learning (see Table 2 ). The teacher responded to a student-initiated interaction and provided scaffolding for a relationship seen between indicators in the hypermedia environment. In this example, the teacher used both instructional and scaffolding strategies, including procedural help (e.g., in turn 4, "Put a w.") as well as scaffolding the evaluation of the content (e.g., in turn 4, "Do you see it increasing or decreasing?"). In addition, the degree and type of instruction and scaffolding provided by the teachers usually reflected the level of students' understanding of the information presented in the hypermedia environment. In this example, cognitive scaffolding, as opposed to the more superficial procedural instruction, was provided once the student demonstrated understanding through evaluation of content (e.g., in turn 3, "Okay, this is a weak relationship.").
DISCUSSION
Our results show that low-achieving students tend to benefit little from Webbased hypermedia learning environments designed to foster their learning of challenging science topics. Despite performance data that show significant results, the process data including the time and frequency of students' SRL and teacher's scaffolding and instructional moves show the use of a disproportionate amount of time and number of SRL moves during learning. The process data provide evidence that students' poor performance on the pretest-posttest shift is due to their failure to deploy key SRL processes and mechanisms which could have led to significant shifts in conceptual understanding. In addition, the same data show that the teacher rarely deployed scaffolding and instructional moves aimed at fostering students' self-regulated learning of ecology.
With regard to the first research question, the results of this study show that students did learn about the effects of land use during the two-week period in which they used the WQS collaboratively in the ecology class. Despite the statistically significant results on their scores from pretest to posttest, the shift in scores is rather small (7%) and there is ample room for increased learning of ecology, since the mean on the posttest was relatively low (19%). We can conclude that while these Web-based hypermedia learning environments can potentially foster students' learning, not all students have the self-regulatory skills necessary to learn from these rich environments. Our results indicate that providing lowachieving students with complex, open-ended CBLEs without the appropriate embedded and contextual scaffolding (e.g., from the teacher, peer, tutor, etc.) will lead to inferior shifts in learning. This finding is consistent with the majority of studies on non-linear, random access hypermedia environments with flexible access and a high degree of learner control (e.g., Azevedo, Cromley, & Seibert, 2004; Azevedo, Guthrie, & Seibert, 2004; Greene & Land, 2000; Jacobson & Archodidou, 2000) .
This finding is consistent with previous research which indicates that students lack the strategies, self-monitoring, persistence, and other self-regulatory skills required to take advantage of the vast amounts of rich content contained in CBLEs such as Web-based hypermedia learning environments. We hypothesize that in addition to not having the self-regulatory skills, these students lack prior Teacher: Okay, so you are going to complete this. This first thing that I wanted you to do is put your station number here . . . Okay, so you are going to, you are going to fill out everything here so we know this belongs to. Ah, this is lumbering forest. You are going to look at average runoff. This is nitrogen. Teacher: And then "urban". Ok, now, you are going to complete this entire table, so the first thing you are going to do (TI-P) is click on this rectangle where it says air temp.-click there and choose runoff.
(TI-PRO)
knowledge of the topic and also lack specific science skills such as rounding numbers. We acknowledge that one of the limitations of this study is that we used a one-group pretest-posttest pre-experimental design and combined it with process data. However, this was a necessary first step prior to conducting experimental manipulations given the infancy of this type of research and the complex nature of students' SRL with CBLEs in the classroom (Mayer, 2003) . With regard to the second and third research questions, our extensive process data indicated that students and the teacher differed in the amount of time and the frequency of use of self-regulatory behaviors during learning with the WQS. These students tend to spend more time on and use more self-regulatory skills, followed by teacher instructional moves and then teacher scaffolding. Also, the students and teacher use strategies as a predominant SRL variable during learning 234 / AZEVEDO, WINTERS AND MOOS with the WQS. The second most often used SRL variable by students and teachers is monitoring. The quantity (i.e., amount and frequency of SRL variables) and quality of the strategy and monitoring processes used by students may explain why students gained so little knowledge of ecology with the WQS. The verbal protocols provide process data to indicate that they used these SRL processes, and together with the product data show that the use of these processes led to significant increases in their understanding of the science topic. Students regulated their learning by using mostly ineffective strategies and metacognitive monitoring and did very little planning. In contrast, the teacher's instructional and scaffolding moves involved using strategies to facilitate students' learning. These findings highlight the value of converging product and trace data-i.e., while the statistical analyses revealed significant differences in the time and frequency data, the explanation lies in the analysis of the quality of each of these SRL moves used by both students and teachers. For example, despite spending a significant amount of time regulating their learning, and spending a disproportionate amount of time using these strategies, the process data reveal students were using low-level strategies such as following directions and searching the WQS without a specific goal. Furthermore, the relative amount of time spent by the teacher on instructing and scaffolding moves was relatively less than students spent, and the quality of those moves can also be considered low-level in response to the students level of understanding. These findings are consistent with previous research on using trace methodologies to examine SRL processes used by learners during learning (Azevedo, Cromley, & Seibert, 2004; Azevedo, Guthrie, & Seibert, 2004; Winne & Hadwin, 1998; Winne & Stockley, 1998) . They also highlight current theoretical and methodological concerns among SRL researchers that more research is required to understand the inter-relatedness and dynamics of SRL variables during learningcognitive, motivational/affective, behavioral, and contextual during the cyclical and iterative phases of planning, monitoring, control, and reflection (e.g., Butler, 2002; Meyer & Turner, 2002; Perry, 2002; Pintrich, 2000) . This is definitively the case in the area of learning with Web-based hypermedia learning environments, where research tends to focus on learning gains (see Shapiro & Niederhauser, 2004 for examples) without considering the complexities of students' SRL and the teachers' scaffolding of SRL during extended learning with CBLEs.
Implications for the Design of the CBLEs as MetaCognitive Tools to Enhance Students' Learning
The results of our study have implications and pose several challenges for the design of the WQS to foster low-achieving students' self-regulated learning of ecology in technology-rich dynamic science classrooms. One challenge for designing a Web-based hypermedia environment is the role of scaffolding, which is critical in fostering students' conceptual understanding and enhancing SRL. The first issue related to scaffolding is the system's ability to detect that students need assistance in regulating their learning. For example, how can the WQS detect that a student or the pair is/are using ineffective strategies or need(s) assistance in monitoring their learning? Second, what types and levels of scaffolding methods should be designed for low-self-regulating learners?
According to our results, these students typically use ineffective learning strategies, do not monitor their learning, fail to engage in help-seeking behavior, and have difficulties in handling task difficulties and demands. So, how can we "build" system components (e.g., a student model, instructional model, interface, inference engine, etc.) to determine if: a) a learner, in the complex interactions during individual and collaborative knowledge construction is having difficulties with several phases and areas of SRL; and b) what effects will this determination have on the detection, monitoring, and fostering of learners' overall self-regulation? How can we make our SRL model "visible" to the learners and flexible enough to allow learners to explore advanced topics related to the ecological systems, including its content and structure? How can the CBLE adapt and exhibit flexibility during learning?
Recent research on pedagogical agents (e.g., Baylor, 2003; White et al., 2000) suggest that these agents could be used to facilitate students' SRL by scaffolding students' planning (e.g., include a planning net with a hierarchy of sub-goals, model the phases of science inquiry), monitoring (e.g., prompting student to periodically relate their emerging understanding with their prior knowledge and instructional goals), strategy use (e.g., embed video clips that model effective strategies such as making inferences and hypothesizing, model basic science skills such as rounding off numbers), and handling task difficulties and demands (e.g., prompts to help the student monitor their time and effort planning, provide a digital library of video clips that deal with FAQs related to basic science skills, inquiry skills, etc.).
Another critical issue is the system's ability to construct an adequate model of the learner's emerging understanding of the domain (i.e., a mental model). How can we design ways of detecting, monitoring, and fostering shifts in learners' mental models of ecological systems? Can we have students create concept maps and/or drawings which can be used to dynamically assess their existing mental model, which could interact with other system components? For example, what kind of instructional decisions should be made in a case where the system has determined that a student has a sophisticated mental model of the ecological system, but has expressed low interest in the task, versus a student who has constructed a less-sophisticated mental model has expressed a high level of interest in the topic, yet lacks the ability to plan learning and is using ineffective strategies (e.g., "blindly" searching the WQS to find the representations of information needed to explore the issues of the current goal)? Would making the learner construct an "external" visual representation of his/her emerging mental model of the domain allow him/her to self-regulate? At another level, would this visual representation allow a peer to assist with regulating their learning? Would this external representation allow learners to jointly regulate their co-construction of the topic? Can this information provide the WQS with other "variables" with which to make informed instructional decisions? Also, would these external representations, which are visible and accessible, allow the learner (and perhaps others such as peers, and teachers) to share, inspect, critique, modify, and assess the learners' understanding of a complex system? These issues pose several challenges for the learning sciences community. First, there is a greater need to draw on the strengths of the members of our research community in dealing with the complexities of studying SRL in complex instructional settings and in designing and developing CBLEs to trace, detect, and foster students' SRL. Second, the role of teachers needs to be examined in terms of how different instructional methods and scaffolding support students' SRL, and their role as external regulatory agents creating instructional settings that promote students' SRL (Corno & Randi, 1999; Meyer & Turner, 2002; Perry et al., 2002) . Third, theoretical issues related to SRL challenge Derry and Lajoie's (1993) initial characterization of three camps for using computers as cognitive tools-modelers, middle-campers, and non-modelers. Lajoie (2000) has recently argued that we should abandon these "camps" due to both the influx of computer technologies made available to teachers and educators and to recent challenges made by SRL researchers about the complexity of learning. Future research should explore the role of SRL and teachers' fostering of students' understanding of complex and challenging science topics in dynamic technology-enhanced classroom learning environments (Azevedo, 2002 
